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(57) The present invention provides a relatively 
srnals scale apparatus for gashing solid fusl in which 
pyro]ys& gas produced In a pyr6iyz^r:fey - th8rTTjai»dev 
compaction m?^t3:o'fr --&-tftfe-:$c§$ tml cm be reformed 
to crude fuel gas. The apparatus c^mpr^as a soHd f'iii&j 
pyrolyzer 1 and a sto&m reformer 5, and thermal/ de- 
compos the §0M -test m(h a c&rr&UStkm T&^tkwl of a 
low oxygen density to produce tfte :pyrc4ysis-g^S; : and 
r^orrmthe^ 

The pyroipsr hM an Sir foist IB positioned at abottom 
part thereof and upwardly . blowing oonib^tion air inio 
the pyro^st; a bad of pyrofyser 36 localed abovs tha 
air miet; and a pyroh/sis gas exit positioned^ atan opper 
part ot ab^ 

roly&s ,gas out -of th;aipyfofy^ar. The b^d made by a 
iayarad stack of many :s?p h^iG^I ei&^f^tst^^t : hi^te^t?is- ■ 
32 which form a number of nsrro^ gaps for draft of the 
combustion sir over the wh o s e bed l^s stoa 
has a reforming area 51 which produces tho crude fuel 
gas by & steam relormlng: reaction of the pyfolys is gas. 
a pyro!ys& gas inlet 66 which is m cammuhioat Io n with 
thopyroiys&gssexit^ 

gas: into ths Mormjftg area, a m&ed gas Inlet 34 intro- 
ducing rrted gas of "steam a?&l : &fr Into' tfts • r^ritiiftg; 
ar^a ? a rate 

ret ormed gas of the reforming area out of the reformer 
aMaperf^ 

ref Drming: area and trie reformed gas aff sueni passage. 
The barrier Is made by a sayered stack of many sphancai 
heat-resistant material 62 which form a number of nar- 



row gaps for draft of the pyrosis gas and iha mixod 



FIG J 
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Teehnl ea[rieid 

The present Invention relates to an apparatus 
for gasif lying .ml M fael and mors s^iffeaHy* to: such 
an apparatus producing pyrolpls gas by a . thermahde~ . 
composition reaction and reforming t he pyrdysis gas to 
crude fuel gas. 

Technica l Ba ckground : 

[0O02| Aft- : apparatus f or ..gastf ]y?:hg : sofldf uells: k mwn 
in the art, wh^ 

ilon furnace charged with solid fuel such as waste* & 
waste plastic, sludge, shraddsr dust or municipal 
refuse, or coal or'tfreJiks; The soltdfuei is thermally- de- 
composed to pmduc^ pyrolysis in reducing atmos- 
phere of a non or less oxygen: condition: at a high -tem- 
pemtuf 0. A variety of corribifsiion furnaces or incinera- 
tors may be generally used as the pyretyzef, such as a 
waste gasification meeting furnace, a:coai ■:gas$lerY : a' ro- 
tary kiln type of py roller (an external he&m|| type of 
[pftotymh a batch tvpe of pyrolyzer {a self-burning type 
of pyroiyzer) and so forth . 

[0803] These: kinds of solid turn gasification appara- 
tuses have been developed as bemg reiatfely large 
scale equipment which are continuously operated, 
Therefore, feoss appara^sDs have constructions which 
are ''difficult to be applied to solid fuel gasification equip- 
ment of middle scale or smalt scale facilities., front a 
■viewpoint of thavaium^afsoild fuel maintenance' fees 
of equipment and so forth . 

|0004i The present inventor etal; have recently de- 
veloped a waste gasification malting system wh ich com- 
prised a h^h^mparature air genefatdrfor aontsnijously 
supplying an amount of hot air ai a high temperature 
exceeding &Q0°C> and a waste gasification melting fur- 
nace (pebble furnace) containing a number of spherical 
cemn^es(pefcbtes), 

immj The high temperature air is introduced from a 
top of the waste gs&f Mtidn moving furnace to the Inner 
area of the furnace downwardly* so that the waste en 
the spherical ceramics (pebbles) is metted and slagged. 
The molten slag: flows downwardly through the gaps of 
the pebbles to he discharged out of the furnace from the 
furnace bed: part. The py ro lysis gas producM by the 
therma^decomposrfion of waste. Is conducted out of the 
furnace: and introduced into a clean ing-up means or pu- 
rification means. This typo of waste gasification melting 
svstem can be designed to be reiaEfv^ly smalt sca^e 
equipment and therefore. itMs a 
hie Id waste gasification equipment for middle or smalt 
seate facilities. 

However, the waste of a middle or -small scale 
f acil fty usually "merjdes a wide variety of wastes, such 
as synthetic mm, kltcheri refuse, Nddgiea] waste, fi- 
brous material, leorganfe material and ao forth . In a case 



where waste includes a relatively large amount of waste 
plastics to be incinerated in a waste gasification furnace 
as generally In: . use, the: molten plasty material: clings to 
its : furnace bed part. It Is apprehensive of condition that: 

s the com b ustlon air is pre ve fried? ro ro ffowi ng th rough the 
furnace .feed pan into tbefumaee. In addition, unbumeci 
residue is apt to dlnglngiy deposit on the furnace feed: 
part, which residue is dlff ieuli to he removed therefrom . 
On the other hand, m a case where suoh waste is Indn- 

ip erated by the afommentloned pebfele f uroaoe : the :mdi-- 
ten plastic materials and so forth tend to block the gaps 
among the pebhies. Such blockage of the gaps among 
the pebbles gives an undesirabie result in that fluid pas- 
sages of high temperature air and molten stag are nm- 

f* rowed or restricted. 

£QQ87] Further, in the conventional solid fuel gasifica- 
tion apparatuses, a large amount of sensible heat of py-- 
raiysts gas produced in the gaslficationTurrjace is lost 
In the steps of cieaning-up and ;puhfym:g the gas in 

equipment and therefore, the -.thermai efffcieney of the 
whoie system Is lowered. In order to overcome such a 
drawback of HMfldSS.- ahd to produce high-quality fuel: 
gm, application- of steam reforming : process has : been 

■2$ studied In which hydrocarbon in the pyrolysla gas is re- 
formed by steam reforming action of 'high temperature 
steam above 7QQ*C However, constru^ions of refornv 
er or reforming device for mixing the high temperature 
5tesm;end: : th0py^ gas 
have hoi yet concretely studied. 
^0S| It is an object of the ^senf Invention to pro- 
vide a relatively small scaie apparatus for gasifying solid 
fuel in which pyrolysls gas produced In a pyroiyzer by a 
themia^decomposilion. reaction of the solid f uel Is sue- 

35 cessfuily Mormed to^rudefuei.gas... 

:P009| : it is another object of the present invent Ion to 
. provide : a pyrolyzer f or solid fuel ;constituting : such : m 
apparatus; for gasifyiing solid fuel, which can incinerate 
mi)?ed:wasteJneludincj a relaliveiy :iar^e amount of :waste 

4 ® plastics and: the like,; and which can produce the-pyroh 
ysis gas therefrom 

|001gl It is still another object of the present invention 
to provide a steam reformer 

^ : forms the" pyrosis gas to :^ 

the pyro^sis gas of the pyro^er wfth steam 

DiscbsLjr e of the inv ention: 

$i> JM1 1 j The :present invention provides an apparatus 
for gasifying solid fuel which thermally decomposes the 
solid fuel by a combustion roaciion of a low oxygen den- 
sity so as to produce pyrolysis gas , compns i ng a solid 
fuel pyroly^er and a steam reformer; 

5$ wherein --sakip^ 

at abettem part the? eof to blow: combustion alr : into the 
pyrely^ei; a bed of the pyrpsyzer located above the air 
Inlet, and a pymlysls gas exit positioned a! an upper part 
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of; a body of the: pyrojper and congtMIng ft 8 pyh$y$&- 
gas out of the pyrolyzsr. the bed being constituted: by a 
i&yered stack of man 

which f orm a n umber of narrow gaps tor draft of the com- 
busgon^aSrovertha whole bed; and 

whereiosaid steam re^ 
for producing om£& fu@s gas ;by a steam f^fprmteg reac^ 
tbn of said pyro lysis gas, a pyrolysis gas inlet which is 
In communication with said pyro^ysis gas exit and which 
introduces the 

mixed gas Iniet fat introducing mixed gas of steam and 
air into. Sh§ reforming area ; a reformed gas effluent pas- 
sage for conducting reformed gas of the reforming area 
out of the reto 
tionadfaeh^ 

effluent passage, the barrier being constituted by ':&%? 
0red stack of many spherical has^r&sistani materiaia 
wfttdi forsts: a number of narrow gaps tor draft of said 
pyr oipis gas and said; mixed gas, 
£0©12j Furthar : the sent invefitfen provides a pyro- 

maHy dacomposes th^ soilld^ai by a combustion read- 
tion of a low oxygen densfty so as te produce pyroiys ^ 
g^s^ composing: 

an.asr inlet positioned at a bottom part. of the pyn> 
lyzerand upwardly blowing combustion air Into the 
pyTclyzer; a bed of the pyroiyzer located above the 
air inlet; and a pyrolysts gas exit positioned at an 
upper part of a body of the pyroiyzerand conducting 
the pyrolysis gas out of the pyroiyzon the bed being 
constituted by a iayered stack of many spherical 
heat-resistant materlaiSv which form a number of 
narrow gaps for draft < 
whoie bad. 




which reforms pymly&S 



athermai-de- 



compositioh maction of the so^ fusl^conipfi^hg: 



a reforming area which produces crude fuel gas- by 
a steam reforming reaction of said pyrolysls gas; a 
pyrolysis gas Iniet which introduces the pyrolysis 
gas of the solid fuel pyrotyzer into the reforming ar- 
ea; a mixed gas Inlet lor introducing mixed gas of 
steam and air into the reforming area; a reformed 
gas effluent passage for conducting reformed gas 
of the reforming area out of the reformer; and a per- 
meable heat- barrier positioned between the reform- 
ing area and the refer mod gas eff I uent passage, the 
barrier being constituted by a layered stack of many 
spherical host-resistant materials, which form a 
number of narrow gaps for draft of said pyrolysis 
gas and said mixed gas. 

•[09141.; Recording to the present invention, the pyra- 
fyser blows combustion air thereinto from the bottom 
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part so that the combustion air Is introduced into the py- 
roiy^r through the gaps of fee layered staokof spherical 
heat-resiistant msteriais; The narrow gaps of the stack 
disperse the combustion air uniforms over the whole 
bed of the pyroiyzer. and the bed blows the combustion 
air into the pyrolyzer substantially equally from the bot- 
tom. Therefore : the dlsper&lbility of air in the pyroly^er 
is improved:. The solid fuel, such as waste: lying: on the 
bed, is subjected to complete combustion in its lower- 
most sohe. owing to a oomeastbn reaotbn of & high air 
ratio, and psifloation ..in Its intermediate zone, and fur- 
ther, carbonisation in its uppermost zone, owing to re- 
duction combustion of a iow air ratio , The pyrolysis gas 
generated from the upper surface of the solid fuel is in- 
troduced into tho reforming area of t he reformer. As the 
combustion reaction In the pyrolper proceeds, the solid 
fuei reduces its volume and combusMan residue depos- 
its on the bed However, the lowermost 2one of the solid 
fuel m supplied: with eerhbustion air from ; ihe:gg^3is of the 
spherical heat-resistant materials uniformly over the 
whole bed, and maintains the high temperature atmos- 
phere owing to the heat accumulation effect of the 

Therefore, the combustion reaction is promoted and the 
imoiten/GOmponents of the:SOiid fu^ 
materiai included in the waste, take a re^ombustion re~ 
action with in the gaps of theephencaf heai reBistam ma- 
terisss. Thus, incinerated ash; which can be relatively 
easily discharged, deposits on the bed as the result of 
compiete eonhbuMon r when the combustion operation 



: llie-mlxe&gas of air and ateam is introduced 
into the /feforrnfn&araa; of : tho>mfbrm:en Th:e :he3i-barher 
permeahly separates /:t(^vf^<^fes--^ea-i.a^ the re- 
formed gas effluent passage. The bamer is consMuted 
in a form of layered alack by a number of spheooal heat- 
resistant, materials, the layered: stack . being provided 
with a number of narrow gaps for draft of the feformed 
gas. The barrier functions as a heaMnsuiating partition 
for preventing the-heat of ':refer^ihg>area from; befog: re- 
ieased to the reformed gas effluent passage and the^ 
maily insulating the reforming area; and also acts to ef 
flcien% disperse the pyrolysis gas and the^mixedfgas, 
so as to effectively mix them with each other, thereby 
achieving reduction in rnhdng time of the pyrolysis gas 
and the mixed gas, As the : result, the steam reforming: 
reaction Is accelerated, and its reaction time is reduced. 
Also , the barrier acts to trap soot, condensate of tar com- 
ponents and so forth, which areinoiuded in the pyreiysls 
gas r thereby functioning as cleanup means for oleaning- 
up the reformed gas. 

^^P^Q n Q * the Drawings 

■&&A Is a system flow diagram of a waste gasifica- 
tion apparatus according to a preferred embotih 
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men! of the present invention; 

FIG g Is a vertical Gross-sMlonal view showing 
constructions of a pyrolyzer and a reformer' as 
shown frt Rg. 1 : 

FIG 3 & -a vertEcal oross^edsonal vfew i 
I uslrstmg an arrangement of a bed < 
and 

FiG 4 te a ¥0^earcross-seetEdnarvjsw 'paraaily is- 
sustraf ing ; a struetu re of a permeable barrier in the : 

Best Mode ler^ 



? j- Spherical ceramics, such as aiurnma ceramic 
bails, are prsfar^biy used as the aforementioned spher- 
Ica^heat-raEistant materials. The diameter {outerdi&ov 
eter) of the spherics! iheat^i^nlmatenal ■ is M t o b e 
in a range of : 6mm -tOnm preferably In a range of 
20mrn.^i09mm.1^ 

resistant material vis not limited to a round, but may be 

In a £ase the high temperatijre'air can be set to 
Have atemperMnre ^ 

of stainless steel can be used as tne spharfeaf ^eaW 
sistant mastenaL 

|001B| According to a preferred embodiment of the 
present invention : the mixed gas e? air and steam has 
alBmperamreequa^o or higher than 3G$*C; preferably; 
equal to or h igher than 400*G, Preferably,: : normal tern- 
per&tuf^ steam or process steam produced 1 -in a- ste^m 
boiler and normal temp^ratyre air of ths ambient atmos- 
phere am tm$£$ by a : !teatm§: d&viG8 o r heater to the 
high tempemtufe, and they are mixed yvith each other 
in a:::pr^determined mMura: ratio (weight ratio). Mixed 



be heated by thehaating : devte The sensible heat- of 
the crude fuefgas after reforming process : orthe heat of 
Gornbustlon dbtamed Mm jfte : COfcr&ust&h "reaction of 
the purified fuel gas may be ut^zed as a heai source of 
the heating device for -Keating jfts^ir; steam or ml*ed 
gas. 

[001 9| According to another pr^erred embodiment of 
the present Invention, the Bond fUas gasifteatiGh appara- 
tus Is provided with a mixing control device for control 
iing^ 

am mixed with each other under control of the mixing 
cont rol device so that the m|;xed ;gas tnoludlng an appro- 
priate weight ratio of steam is fed to the reform Ing area, 
Inthe refprmfng area,, the steam and:air react with hy- 
dmcarbon In the pyroiysis gas , tHe pyrolysls gas Is re- 
formed to be a reformed gas including a relatively large 
quantity of hydrogen and carbon monoxide . and the re- 
formed gas is conducted out ofthers^ormerthmugh the 
reformed gas effluent passage as being a crude or : urv 
purified fuel gas. TJie crude fuel gas is Introduced into 



.a:he^l : exchthgerfdr : heating : alr of ^nambjant condition 
at normaf temperature and/or steam at a re&fc&sty low 
temperature., and the: hormarierope^ 
steam are heated by the sensible heat of the crude fuel 
5 gas. The thermal efficiency of the whole system & Im- 
proved by such utilisation of the sensible heat of crude 
fuei gas. 

[0820! Tfis temperature of air fed to the pyrolyi?er ie 
set to/M preferably equal to or higher than 1SC5 ii 'C :t i de- 

to sired, equal to or higher than 300*0 The temperature 
of high temper^ure air is variabJy set to stably meet 
th e operating conditions of the pyro^er and the sort of 
soiid feeL and if desired, the temperature thereof may 
be set to be 40&?C~ 1 000*0, or otherwise, a tempera- 
lure above 1 0GQ s € ; Similarly, the tempemture ; ol mixed 
ga^ : ^d-^ ; ih^ ::: r^^er : is variably set to appropriately 
meet the properties o? pyroiysls gaa, the temperature of 
reforming area, th^ compohehtfe of crude f uel gas and 
so forth : and if desired, the temperature of mixed gas 

m may be set to b^^^ 
afore above 10^^^^ 

exotherrnic reaction with hydrocarbon in Ihe pyrolysis 
gas so as to supp!ement the heat required for an endo 
thermsc reaction between the steam in the mixed gas 
£5 and this hydrocarbon m the pyrolysis gas , Ho weven ex- 
ceeded inclusion of air In the mixed pa results in m 
reiaSh/ely exbessive loss of fuel components (carbon 
monoxide and hydrogen) by reaction thereof with the air; 
and therefore,^ 
: $Q- the mixed gas to the minimum necessary" for supple- 
menting: the : ' heat of steam reforming reaction. For ex- 
ample, the mixture ratio of air and steanV (weight ratio) 
is firoited: In a range of 2:8*7:3 
[0021 1 According to the other pMerfsd embodiment 
3$ of the present invention r the solid fuel gasification ap- 
paratijs includes a dedustsng device, desy If urj/atlon de- 
vice, dechionhatioh device, denstratioh device and so 
forth, ae purificatfcn means for purifying the crude fuel 
gasv For instance, the punfied fust gas or syngas k fed 
4 $ to a combustion device of combustion equipment or 
thermic engine as being a feel therefor, and the heat en- 
ergy of the combustion device causes a power genera- 
tor to be ddveri so as to supply electncal energy to in- 
struments or eguipmentout of the system, For exam^fe 
a combined power generation system or a relatively 
small scale cogeneration system, In which waste is used 
as a fuel , can be provided by combining the. gasifying: 
apparatus of the present jnvenUon with a power gener- 
atlng system, such as a gas-turbine power generator 
$Q system, 

FIG. 1 is a systertr f sow diagram of a waste gas- 
ification apparatus which is a preferred embodiment of 
the present invention'. As f he solid f yei; a variety of ther- 
mally decomposabie fuels can be exemp^fied, such as 
53 waste, coal, and biomass fuei The embodiment as de- 
scribed hereinafter relates to a waste gasification appa- 
ratus in which a qoantity of m ixed waste including waste 
plastics material and the like Is mm as the solid f uel . 
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|0023] The waste gMtfie&ilon system eomphsesapy^ 
MiyMrfor th^ 

former for reforming pyrofysfe gas of the pyroiyzsr to 
crude fuelgas or unpurified gas. The pyrotyzer is : cOfc : 
n©ct©cf to a heM exGhangar thmugh an a|r::isupp^:;pai5;- 
sage H& and eo^^ 

rolysis gas delivery p^&ge PG. The mformer Is mn* 

vice by means of a :ref onTsed ps effluent passage HQ 
and a mixed gss s upply passage respectively An 
amount of waste* is charged into the .-pyrotyzer. arid a 
quantity oth^ 

changer is fed to the pyrolyzer through the air supply 
pas&age A part of the heafed air through the pas- 
sage HA If desired, introduced into the reformer 
through a branch passage SA. The was& ^-ferna^ 
decomposed In the py ro iper in to py roiys ss g as an d res- 
idiia Jh : te^x^ts^ xsi combustion air The pyroiysis 
gas produced In tie pyrotyzer introduced into the re- 
torm^r through the pyrolys^s gas delivery passage PG, 
Th^ mixed gas of air and -steam: heated up to 
a miatjvely high tempensuir e by the steam/air seating 
device^ fed from its heat exchanger to the reformer 
through the mixed gas supply passage ^Q , and the gas 
is mixed wfth the^ reforms f. Hydro- 

carbon ^contained: In the pyroiyste gas resets wish the 
steam and The reaction between hydrocarbon and, 
st©samj^ .in generaj : an ehdothermlG reaction as indicat- 
ed by the -Mowih^; eheraieal $G^i$,{t};- whereas the 
reaction between hydrocarbon and air is, in general an 



icat formal (2); 
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P$2S| T^e $ieam resets with the pyroiysis gas pro- 
duced by the |Mrm^ i de^ornposition M wast^ so that 
the^roip^ 

or unpunfied^^^ lat!g&:' 
quantity of ea&oo mono>cld^ and hydrogen The haat 
generated by the exothermic reaction between 
carbon and alir is consumed as the heat required for the 
endet hermte reforming reaction between hydrocarbon 
and steam. 

J The py ro^ysis gas resets m$\ the m Ixed gas . 
and the steam reforming reaction proceeds so that the 
pyrolysis gas is retdrmed & the crude f uel ps b 
I ng a ^ 
hydroipnTha^ 
erto be oooied down by hsat 
ma^emperakfrey and tlienv ihe gas Is supplied to a com' 
bustion devica or internal combustion enginersueh as 
boiler, gas turbine or the like, if desired, gas cieanup 



devices {not shown}, such as a csramjof iter, gas scrub- 
ber, desulfurizer. oeehlonn&tlon device, den Mzs? or the 
tike are installed ;n th& fuel gas supply passage LG. The 
purged mt. ormed gas ss supplied to the combustion de ■ 

s vice or Internal combustion engine as a relatively hign- 
qu&llty fuefgas or syngas v and partia% suppled to the 
stearn/air hsattng device The st^arrs^^r heating device 
heats the steam and air by the heat of combustions? the 
fuel gas. Omthe.oiher hand, the combustion device or 

to internal combustion eng^e pmduces heating medium 
such as Mmrti, M generates electric poyyer by means 
of the heat M combustion of the fuel gas The heating 
medium or electric power m supplied to fadffti^s out of 
ths system, as as pa?tiaiiy used as steam or electro 

ts power to be supplied to the respective devfees - vyithfe 
the system. 

[002?] With relere^e to FIQS. 2 and an OTbodl^ 
ment of the waste gasification ^pparatua according to 
the present invention i$ described in detaihheremaften 
so ^S28| FIG 2 is a cro^^eo^onaJ view which shows 
the qonstriiction of a pyrolp^r 1 and the constructien ef 
a reformer S. 

g502S| The pyrogen comprises a body of pyro^yzer 
10 defining a themiah^ecorriposition area 20, The body 
2$ 10 is prevfded wlh a waste charging port 11 at Its top 
portl:bn : and- an air intet 1 8 at lis bottom portion. A; top 
cipsyre 13 tor shutting t^e wa^ 
the port IT whereby substantia^ dosed them^ai- 
decompositio n area 20 is formed in the body i 0. Spher- 
^ seal ceramics 32 is packed m a bottom section of the 
body 10 r so that a bed of the pyrciyzer 30 for dmfi of 
oombuatlon air therethrough Is provided : at the- bottom 
of the pyroiy^er. The diameter of the spherical oeram : ib^ 
32 is. preferably, pmdetsrmined to be Sh a range of 
^ 5mm-200nim, more prefembiy, .'In a raop of 
20-1 00mm. For example, the diameter of the sphejlcai 
oeramice 32 is set to be s>&rnm. A support structure 31 
(shown by a phantom jine) tor supporting the spherical 
ceram ics 32 thereon ; s uch as a mesh o r bar^v Btretches 
■*o over or bndges the air inlet IS. The spher^ca] ceramics 
32 oft the support struc^um^^^ 
stityietheb^ 
of the boitorn of pyrelyzer . 

The air inlet I S is connected with the air supply 
on whjch a foroed dralt blower (not shown) 
is snstaiied:. Oombustion ak introduced Into the>;aif Inlet 
18 under preas-u^ intothe 
therma^decompoa^ion area 20 through gaps among 
the spherfeai ceramjos 32 constituting the bed 30. 
=sff PO^I ] A pyroipis gas d^;ive?y port 1 5 Is farmed at an 
upper portion of the body 1 0- and an upstream end of 
the pyroiysis gas delivery |jas$ap PS ^s connected to 
the delivery port 15. A downstream end of the passage 
PQ is oonnectecJ to a py rolysis gas inlet 65 ot th^refonTi- 
$2 er §. The restermer S comprises a reforming vessel part 
50 oonsiitutmg a ve^loai reactor vessel , and a 
gas flowing part TG which conducts the reformed ga^ to 
the rofom^^ gas effluen 
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.64 is provided on -a top wall S3 or an upper portsan of a 
wail 52 of the- refortrang vessel part SO, and a dawn- 
steam endofthemte^ 

nected to the inlet 54. The wail 52 forms m inher wail 
surface of the reforming area 51 , : A su pport structure 81 
(shown a phantom im^), such as a mesh Otrbsrs, Js 
provided on the walls 82 lo bi1<Js^^^^!^S^s^sp^Bd 
between the walls 52; A psfmesbls heM-barrier 80 con- 
stituted by a layered slack of the sphencarceramics 82 
is formed on ; the' support stmctors 81 . 
[0032] A horizontal flow passage 71 of t h©T8feim©d 
gas flowing part 70 extends bsnsatn the $taeK6Q.Ths 
passage 71 continues to a vertioaffiow passage 72 A 
downstream side -of the bamer 60.. which Is #*§ under- 
side thereof in this embodiment is in oommunieatiDn; 
with the passages 7Q r 71, The passage 70 f 71 effect 
an inertias dust collecting action or a gravitational dml 
CQll0cimg action The passages 70, 71 also act to de- 
compose precursors of dioxiji or dtoxms m an atmos- 
phere of a low oxygen density at a high temperature, 
preferably above 848 °C, more preferably, above 
740^0 Further, the passages 70. 71 functions as a gas 
ci&anup space for timm&tip the formed ps by res- 
idence thereof at such & Mgh temperature 
|00331 A top wall 73 of the passage 72 is formed w^h 
a reformed gas outlet 74, and an upstream end of the 
reformed gas effluent passage HS Is connected to the 
outlet ?4, An induced draft:bjowar : (not shown) provid- 
ed on the fuel gas supply p&ssage LG> and the reformed 1 : 
gas is: Introduced into the heal exchanger (FIG.. 1 ) from 
the vertical passage 72 through the -rslomied gas eftiu- 
ant passage HQ under the pressure of the bfower 
[0834] RGS, 3 and 4 are vert bat crosses ecflbnai 
views showing <?onstructfen& ot the bed 30 and the heat- . 
barrier 80, 

[0035] As shown m RG 3. a number of the spherical 
ceramics 32 am placed on the bottom wall 1 7 and : the 
SOppOTtstmc^ure 31 ln: : a mu:tlple : layered formation, and 
the bed 30 is .formed by the spherfcaicerHfri:as32. The 
waste W charged into the thern^J-deoompos^dn area 
20 through the waste charging pert 11 is supported on 
the bed SO , A number of gaps or openings 35 are formed 
among the spherical ceramics 32. However, the stack 
of sphehcai ceraniics in a multiple layered formation 
prevents^he waste W 

through.. Asso, the gaps 36 form narrow fluid passages 
which are disposed In a uniformly distributed condition 
over the whole area of the bed 30 aed whSch Irregijlany 
continue to each other. Therefore, the bed 30 consi^ 
tules air &tejasrsihg.mean&^ 
air introduced Into the airing 
and ypwa^fr&mthe whole ar^c^fihe b^; 
[0036] The dynam pressure of the combustion &j [in- 
troduced into: the ; air inlet IS is partially eon verted Into 
the stalio pressure by the airway rasislance of the bed 
30. The combustion air passes :th rough the gaps 35 dis- 
tributed over tha whoie bed 30, and even Jy flows from 
the upper surf ace of the bed 30 into the therma^deoom- 



position area 20 in a leilaUvety siow velocity The spher- 
feal ceramics 32 is in a heat transfer oohtset wsth the 
combustion air a! a high temperature passing through 
'this/igigps^?, ahd ;: afosoife^^ Mat to^f lo,iccumufefe 

$ the sehslMe. heat of the combustion . m The spherical 
ceramics 32 ai:so receive th e heat of combustion of the 
waste and accumulate the heat thereof . 
|0S37| M Wium&M m FIG % a number 61 ths spher- 
ical-ceramics iS&j wh ich are placed or^ the support strijc- 

to iur^-M M & multiples lay&r&d fdrm^on, have substan- 
tial lythe same construction as the bed SO has The stack 
of spherical ceramics in a multiple layered formation 
constitutes the permeable heat-barrier 80 which parti- 
tions the reforming area 51. The gaps 85 of the barrier 

't$ SO provide harrow passages which are disposed in a 
un^orm dlsinfeutlon over the whole area or the barrier 
80 and which irreguiahy continue to each ether There- 
fore v the pyrpiysls gas and the hot mixed gas flowing 
into the reforming area 51 disperse to the respective 

2$ narrow fluid passages of the barrier m and effectively 
mix with each other m the respective narrow fiuid pas- 
sages. Thus, the st mm reforming faction of hydrocar- 
bon In the pyrofysls gas and the stsam prodeedS'effec-' 
1iveiy : ^hile the: hot pses: pass, through the gaps 65 of 
-he barrier 80, and : the reaction time of thesteam^f brm- 
Ing reaction Is raduced. Simuitanaously. the barrier 60 
acts to trap sool, condensate of tar compdhents and so 
forth in the pyroiysi^ gas, and func^ons as gas oleahup 
means for cleaning^op the py roiysls gas^ 

3$ [O0SB| T>je hydrocarfedn in the pyroiysls gas reacts 
with : the- steam and air in the high temperature atmos- 
phere,, owing to mixing of the pyroiys Is gas ^nd the High' 
temperature mrxM ga^n the^ and the 

gaps B5 so that: the steam : reformin g mactbn : of the hy- 

3$ droca-ton In the pyroh/sk> gas- proceeds. The spherical 
ceramics 82 accumulates the heat of the high tempera- 
"lis re ; gases In their heat transfer contact themw$h ? ^ 
the gaps 65 are kept in a high temps^ra oond^ion. 
The heat-banier 80; prevents the heat of fef orrning area 

4 # SI f rom radiating to the hori^ohtai f few passage 71 . and: 
thermally insLj^tes the relo?mihg ar^a 6r3 so as to ; keep 
the : ref 0:rmlng area 51 iln the high: temperature condition , 
PSM| The operation of the waste gasification appa- 
ratus with theafommentioned arrangement Is described 
hereinafter 

^D€40J The waste, whfeh has been, if desired, pre- 
panad::to -be : appropdate dimensions or grain sU'es, ls : 
thrown snto the pyrolyzer 1 through the wasfe oh argsrig 
port 1 1 so that the waste W iies oh the bed 30, The port 
1 1 lis shut t?y theTop; cover 13, and: a burner for initial: 
combustion (not shown) is operaied, which is provided 
on the bed portion or wail portion of the pyroiyzer. At the 
#rn$- tim^ i: :tH^- #frfcust3on m k fed to the air inlet 18 
through the air supply passage : MA r T"he combustion m 
& passes through the gaps35 among the spherical ceram- 
ics of the bed 30 and flows into the ^ermai-decompo- 
sstion area 20. so that initial combustion of the waste 
starts. 
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[0041 } Since the comfcustion sir 1$ introduced from the 
feed- -30 .into the pyroly2er> the substantially closed area 
abov&the wasta W is kept m a combustion atmosphere 
of alow oxygen density (low. air ratio). An oxidation com- 
bustier? reaction h a condition of a reiatfy&3y high oxygen 
density (high air ratio} proceeds at a lowermost ;ponion 
of the waste W, whareas a red isetlqn combustion reac- 
tion hi a condition or a relatively low oxygen density pro- 
coeds at an uppon^ostpoftion of the waste M The : for- 
mations of the waste W can be dasssfied as illustrated 
In FjG#fe 

tfehi.f f #tbn < ' process . of eppby^fen . : jpsc$ph 
proceeds in cMererCmanners in respective layers, 
a bortibustiors mm {\mwmQ&U%yw$ Wi , a gssicstlori 
zone intermediate layer) W2 and a earbonlzation zon e 
(uppermost The pyrosis gas generated 

from an : upper surface of the waste W is oonductee 
through the pyrolys is gas delivery p^it 15 to the ^roiy- 
s&.gas' doftefy passage PG, and the gas enters Mo 
th& rsforr^ing ama §1 through the pyr^lyels gas inlot 55, 
p}§43f Before the pyroiyzerl starts the Initial combus- 
tion step, the mixed gas of air ard steam ai a relatively 
high fempemture has been Introduced into the reform- 
ing ^rea 51 through the mixed §as supply passage ^G, 
so that the ..reforming area SI and ' the barrier 60 have 
been preheated- to raise the tampefaiu re and aceumu- 
.Eate: : the.:h:oat>; 

: The pyrolysis gas of the pyrolyzar 1 Initially 
fsmm mlU the mixed;, gas: ;in.the : referraing:area : Si -and 
then, rtmm effective^ therewith while passing through 
the gaps ;$S> pe hydrocarbon 
ga^ : :reaots: with the ateam and air under the conolian of 
high temperature atmpsphers : whoroby the pyrolys^ 
gas ls ; refofmad mto crude fuel g#:cqntaihmg: a; relative- ; 
lyiar^ with 
the steam reforming ruction of the hydrocarbon 
[0044| The p^ro^ie gas has a temperature of ap- 
proxtmateiy 2O0-3OQ*Q y and t he r^jxed gas has a terrv 
perjure equal to or higher than 300 :> C. preferably, a 
temperature equal to or higher than 400 : *CX The air in 
the mixed gas resets- with the hydrocarbon lh the .*syrol-- 

iqrtr&ng ^ the mixed gas: 

■and the hydrocarbon in the pyrosis gaSs 1 nciuslon of 
exooss;ve quantity of mr in the .mixed gas results in 
greater ioss of useful fuel components (carbon monox- 
ide and hydrogen^ m the feformed gas, Thorsfore, the 
quantity of Mm the m§&edgas^ 
mthlptiro quantity necessary f0rigu^p^^^g;thfe : :H^t : 
requlredforthe :$taam reformmg reaoiionvFor InstHnoe, 
the ro$)d^ 
be a predeterr^^ 

p04B| The crude fuel gas produced &y the reforming 
reaction flows through ihe gaps 85 o! the spherlcai ee~ 
rapids of barrier a^d^n io t^e horizontatfiow pas- 
sage 71 and exits to the reformed ga^ e&ent passage 
HQ th rough the vertical flow passage 72. 



[0048] Asthocombuslion reaction proceeds in the py- 
mlyserthe^ 

bustjon residue deposits on the be^ 

zone of the waste W is supplied with the combustion: air 

s th rough the gaps 36 of the spheric^ ceramics and keops 
its atmosphere of a high temperature by the haalaccu> 
mulation effect of the sphehcai ceramics 30, so that the 
oxidising combustion resction of the wa§te Is promoted 
^o:!ten: :waste plastics: and fee (it® in the waste W are 

M subjected to re-combustjon in the gaps 35. Therefore, 
iRoln.erated ash after perfect or complete combastbn 
iEss on the bed 30, and: after combustion operation of 
the pyrciyzer 1 Js stopped ? incinerated ash remaining on 
the bed 30 can be relatively easliy discharged. 

ts PQ4?| Although the present Invention has been de- 
sedbed as to specific embodlmen 
%m[. *s ; net feiisd: to; >such emb^dsment^ :bu=t may be 
modified': or chahged : without departing from: the scope 
of the Invention as detined in the attached claims 

^ [0D48] For mstance, although the spheric^ caramic 
forms are employed in the aforamsntioned embodk 
ment spherical motatfcrm^:may:be : used as $lg spher- 
ical heat-resistant iriaterials. 

Further, any type o! heat exchanger er he^er 

3 may be empicysd as the he^^ oxchan^^r and the ml 
steam.heatiing : :device m set -fodh ■abovs^;$uch:a$: : a ; h!§h 
performance heat exchanger of a rscuper^or metal coll 
or metal fin hype, a high temperature air generator or a 
high temperature steam generator w&h use of regenor- 

^ ators of honeycomb structure as disclosed In Japanese 
patent application No. 10-189 Japanese patent laid- 
open publicatlDn No, l O-S^S^SX -iapane^e patent ap- 
pilcaf i^n No , 0-230682 (Japene^^ patent laid-open pub 
location No 1 0-73336} and so forth; or a re^nerative 

$5 type of heat exchanger havi ng a number of peffets : peb- 
bles or ball type regenerators contained thoro^n 
l$m®% Furthermore: although waste le used as the 
solid "in the aforementioned embodiment, the gasi- 
fication apparatus of the present invention can const!- 
tute a biomass fuel gaeiflcatian apparatus or a cDaf gas- 
ifloation ^ppa^s with use of biormas^ fuel er coaf as: 
tile solid fuel 

iricjustrjai ^P^cabrl^t y 

45 

g^§1] Ae doscrtbad above, in aocordance w#h the h> 
vontlon^efi^m^iEim 1,; a reiat^^smalfsca^e; appa- 
ratus fer gasifying solid fual can bo provided, in which 
the pyro^ysls gas produced m the pyroiy^erfor sslldfyei 
■$0 is successluiiy reformed to the crude fuel gas, 

p&S§! According to the invention defined in claim S. 
apyroiy^er for soild fuel constituting such an apparatus 
for gaslpng solid fuei can beprovided, which can effec- 
tively fclnerate the waste including a miatlvely largo 
amount of waste plastics and -the lite, and which can 
pfoduoelhe pyrolysm gas from the waste. 
P0S3| According to the invention defined in claim X 
a Mmm refemmr constituting the aforesaid apparatus 
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for gasifying solid fuel can be prmitim, which can effee- 
iivefy reform the pyrolysis gas to the crude fusl gas by 
m&ing toe pyrolysfc gas of the gas Ifier with ihs s*eam. 

Claims 

1 , An .apparatus torgasifyingsol id fuel which thermally 
deoomposes the solid fuel by a combustiori madbft 

of a low oxypn density so as to product pyroipss f<? 
gas. comprising a -sottdt fuel pymly^er aM&: steam 
reformer; 

■ wherein said: pyrolper :has ;an-alr Inlat posi- 
tioned at a bottom pari thereof !o;blow : combustion 
alnntc the pyroiyzer ; a feed of tfcg pyrolper located fs 
above the air miet, and a pyro1y$i^ gas §Mpmh 
tiohed at an upp^r part ei a body of the pyroSyzeT 

fcr, the bed bel ng go nst^tu fed by a layered stack of 
many spherical heat-resistant materials : which form ^ 
a number of narrow gaps for draft of Ibecomb ustion 
air over the whofe bed; $r*& 

wherein said steam reformer has : a rsfdrm^ng 
area for producing; crude fuel gm by a steam re- 
forming: reaction of said pyrolysis gas< a pyfolysis 2 $ 
gas inlst Which m in eonimunfcaiion wlt;h-sai:d : pym^ 

mte the .reforming area, a mixed gas inlet for Intro- 
ducing mixed' gas of -Steam' and air into me reform- 
iing-area, ateformed gas effluent passage for eon- $Q 
ducting reformed gas of the- reforming area out of 
the reformer, and-a: pemi&able heat-barrier posi- 
tioned between the refomilng area and the re- 
formed gas effluent passage, tN N?ri#'beirig-CQri': 
stlMeo by a iayered staok of many sphencar he&t- ^ 
resistant materials which form a number ot harrow 
gaps for draft of said pymiysis gas and said mixed 
ga^ 

2, Ah. apparatus for ; psifying mM fuel as def sned m ■ 
claim 1 : wherein a tsmperatu^ 

afrf s set to be a temperature eq ua te or bigherthan 
iS0 Q O. 

3, An apparatus for gasifying solid fuss as In claim 1 M 
10 be s t^mperatyre equal to m higher than 300* C> 

4, An apparatus for gasifying fixed fuel as defined in 
one of claims 1 to 3, wherein said rearmed gas ef- 
fluent passage Is connected with a heat exchanger 
for heating the combuslbn air.m^ 

gas exchanges heat with the combustion air so as 
to be cooled down > 

S y A pyrosy^er of an apparatus for gasifying solid fuel 
which thermally decomposes the solid fuel by a 
combustion reason of a iow oxygen density so as 



to produce pyroiysis gas, oomprlsing: 

an air positioned aia; bottom ipatrt of "the 
pyrolyzer and upwardly blowing eom&ustbn 
1Mb the pyrbper; abed of the pyroiyzsr locat- 
ed above the air inlet:: and a pyrolysb gas e^it 
positioned at an. upper part of a body of the py^ 
rolyzer and conducting the pyrosy® ps out of 
the pyrblper r the bed being con stilted fey a 
layered stack: of many sphehoal heat-msistant 
matshais, which form a number of narrow gaps 
for draft of the do^busifeft arr ever tN^\vfefe 
bed. 

& A pyrolyzer for solid fuel as defied m -das ru? 
wherein : sa?d :: heat-resistant ' m&emi is a solid and 
spherica: eeramidform e^ 
arneter ranging from Smm to 2G€mm:. 

7\ A steam reformer of an appara^us for gasifying solid 
fyeiwNcb 

mal-decDrnposjtion t eactjon of the solid fuel, com- 
prising; 

a reforming area which produces crudefyergas 
by a steam reforming reaction of said pymlysis 
gas: a pyrotys^.gas inlet which sntroduees'l: : he : 
pyroiys^ gas of the so^d fyel pyroiyzer Into the 
reforminga^ 

mixed §33 of steam and air into the relormsng 
■area: a reformed gas effluent passagefer>cen- ' 
duoting 'refomied gas of the : ref ormmg area o ; ut : 
of the reformer; and a permeable heat^arrier 
positioned between the reforming area and the 
reformed gas effluent passage, the banler be- 
ing: -constituted by a layered stack of many- 
spherleal h^rssj^rit ina^ form ' 

a number of rtarrow gap^ fer dmft of said pyrti- 
ysis gas and-sajd; mixed' gas. 

8. A pyrolyzer for solid fuel as defined In claim 7 : 
wherein said heat-res tstant material & a solid and 
spherical ceramic form or metahio form nav$ng a di- 
ameter ranging from 5mm te:2;D0mni. : 

9v A steam reformer as defined in claim 7 or 8, com - 
posed of a vertsoai retormeryessei parr (50) def m^ng 
satd:refarminga;reaan : d arafomi:edgas:flGw$ng:part: 
(70) for condycting sa^d reformed gas te the re- 
formed gas effluent passage, said mixed gas inlet 
;(545being;fDrmeda>:an upper portion of mid vessel 
part and a downstream end of the mixed gas supply 
passage being connected to the mmd gas inlet 

10. A steam reformer as defined In claim 8, wherein a 
Siippori structure £81} suppor^ng said spbehoai 
heat^ns$3sta^t materia {82) is secured io a; wall; 
(52) of said vessel part, and a horizontal flow pas- 
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sage (71) of said formed ps flowing part extends 
yndef said support structure, the horizontal flow 
parage cont^usng io a vertical flow parage (72) 
of the flowing part which is in comrmnicati6t\ with 
said reformed gas effluent passage s 



Amended eMmss mdm Art t&1 PCI 

1 t (a?riend£d) An apparatus for ^sify^g solid fti^i 
which thermally decomposes the solid fuel by a 
combustion reaction of a low oxygen density so as 
to produce pyrolysls gas, comprising a solidfuel py 
roiyzer which thermally decomposes the solid fuel 
and a steam reformer which reforms the pyrojysls ^ 
gas of the pyroiyzerto crude fuel gas , said pyroiper 
bei ng connected to said reformer by me&hs of a py* 
rolysis gas delivery passage; 

wherelft said pyrolyzer has an air Inlet posi- 
tioned at a bottom pan i^rsq?^ a bed of the pyre* 
iy?er located abovethe air inlet, and a pyrosis gas 
exit positi oned at an upper part of a body of the py^ 
rolyzer and conducting the pyroiysls gas out of the 
pyrolyzer, the bed being constitute; by a layered 
stack of many spherical heat-resistant materials, ^ 
which form a number of narrow gaps f or draft of the 
combustion air over the: whole bed, and the bed up- 
wardly blowing the combustion air into the pyrcly?- 
er; and 

wherein said steam reformer has a reforming 
ares for steam reforming of said pyroiysis gas to 
produce the pmde fue) gas; a pyroiysis gm inlet 
which ;is jo communication with said pyroiysis gss 
exit by means of the pyrc^ysis gm delivery passage 
and: Whioh introduces the pyrofysfS gas: into the re- 3$ 
fommng •a;r$& < a mixed gas Inlet 'for introducing 
mixed gas of steam ansi air Into the reform ing area, 
a ref oimsd gas elf! umt passage for conducting re- 
formed; gas :or the reforming area out of the reform- 
er and apermeable 'heat-barrier whioh is positioned *o 
between the reforming area and the reformed gas 
effluent passage and whioh defines sasd reforming 
area, the barrier being constituted by a layered 
stack of many spherical hea^resist&nt materials 
which form a number of narrow gaps for draftof said 
pyrefysis gas and said mixed gas x 

said pyroiysis gas produced in the pyraiyzar 
being introduced into said reforming area to mix 
with said mixed gas of steam and air in ths rsform- 
Ing area, and dispersing to respective narrow fluid M 
passages ol the barrier to pass therethrough, there- 
by being subjected to steam reforming by the mixed 
gas. 

2, te apparatus for gashing soiid fuei as defined 
inclalm l/whereln thetempera^Ureof saidoorribus- 
tten air is set to be a tempemum e^ uai to or higher 
ihani5Q*C. 



3, (amended} An apparatus for gasifying solid fuel 
as defined in ciairn 1 or 2, wherein the temperature 
of said mixed gas la set to be a temperature equai 
to or higher &m$Q&*C< 

4' (amended) An apparatus for gasifying solid fuel 
as def ined m one of claims 1 to 3. therein said re- 
formed gas effluerrt passage is connected with a 
heat exchanger for Heating the combustion air, so 
thatfhere!drm=ed gas exchanges heat with the com- 
bustion air so as to be cooled down. 

& (amended) A pyrofyzer of an apparatus for gas I- 
fyingsolMtueiwh^ 

id fuel by a combusta reaction of a iow oxygen 
density so as to produce pyroiysis gas < comprising: 

an air Inlet positioned at a furnace bottom: part 
of t he pyrofyzer; a bed of the pyrolyzer located 
above the air jniet;:and : a pyroiysis gas exit po- 
sitioned at an upper part of a body of the pyro- 
lyzer and conducting the pyroiysis gas out of 
the pyroiyzer, the bad being constituted by a 
layered stack of many spherioai heat-resistant 
materials which f orm a number of narrow gaps 
for draft of the combustion air over the whose 
bed, and the bed apw&rdiy blowing the com- 
bustion air Into the pyroiyzer, 

wherein ihe : combustion air of said air inlet 
blows : upwan% .through : the gaps of the tayered 
stack of said spherical heat-resistant materials Into 
the pyroly?er< a lowermost zone of the soild fuel ly- 
ing: on !he bed is sub|eot8d: to perfect: combustion 
by combustion reaction of a high air r&tio : an Inter- 
mediate zone thereof is subjected to gasif ication, 
an ypper 2one ratio, an. intermediate- sone thereof 
Is subjected to gasification, an upper zom thereof 
is subjected to oarbonisation by eduction combus- 
tion of a Jovy air ratio, and the pyroiysis gas gener- 
ated from an upper surface of the solid f uei is intro- 
duced mtQ a reform Ing area of a reformer for reform * 
ing the pyroiysis gas and mixed with air and steam. 

& (amendeo) A pyroiy^er of an apparatus for gasi- 
lying solid fuelas defined in claim 6, wherein said 
heat-resistant material is a solid and spherical ce- 
ramic form or metafeform having a diameter rang- 
ing: from 5mm to 200mmv 

7; (amended) A steam reformer of an apparatus for 
gasifying solid fuel which reforms pyroiysis gas of a 
pyrolyzer for the solid fueL the pyrojysis gas being 
produced by a thermai-depomposMon reaction of 
the solid fuei f comprising: 

a reformer vessel part (60) providing a reform- 
ing area for producing crude f uel gas by steam 
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reforming of the pyrotysis gas; and a reformed 
gas flowing part for sdnductlng r^rmed 
gas to a reformed gaa effk^nt passage, 
saldreformervesse!; part having apyroiysfe gas 
M&t which intmduces !ho py rG:yaia gas of the ^ 
pyroiyzor Into said * &f p^nirrg &re& and a mixed 
§aa inlet forintr^df r*§ mixed gas of s team an d 
air into the ret om m§ area, said mforraed §m 
flo#sg 

gas e^u&mt passags for conducting the re- *a 
formed gas of the mfomitog- arsa out of the 
forget; 

wherein a permeable?: fteai^arriar (60) Is 
provided, wh3Dh ;d^fines iha: reforming arsa and 
which perme&hfy separates the refortmh^ama i& 
and i he reformed gas e®\ mnX passage, the bar- 
nor being constituted by a layered stack of 
many sphonoai : heat-resistant m^^ 
form a number of narrow gaps Tor draft of said 
pyroipts ^ andsakipy* 
m\ym&. gas of tfts pym^sr *s; introduced into 
said reforming mm to mix with tfte mixed gas 
of air and $f earn an d dssp&rsas to respective 
narrow fluid passages of said barrier to pass 
theffctfctoygfr; thereby being subjeGted to steam ^ 
reforming; and 

wh s re in :said: mrr sar functions as a heat- 
inflating barnerforthermally insulating the re- 
forming ams and functions as dean up means 
for cteaninghup the r#arrttM gas by trapping 
soot and tarmmponents in thapyroiysis gas. 

Bv (amended) A Moam reformer of -an apparatus s f a r 
gasifying solid fuel as defined in claim 7 5 whorein 
said heat-rasismnt m.»faJ.; : ls : a: solid and spherical 35- 
cemmfe^form or metallic form having a .diameter 
ranging: f torn Bmm to 2&0mm, 

®> (amended) A steam reformer of an apparal:us for 
gssilying^Qlldfaefas defined i{i.^i^?-<ff'd- z '-whfi4^- 40 
m maid :m^d : gas iniat.|S4^ is formed at an upper 
portion of said vesssi part and a downs! mam ; : and 
of the .rnix^d gas supply passage is connssi&d to 
•tfts mixed gas mtet 

*?, 

10- (amended) A stsam reformer of an apparatus 
lor gasifying; mMt mi as def ined in claim 9, wherein 
a supporr structure {61} supporting : sa^d spherical 
heat-resistant materials (62) Is secured to a wafi 
(52) of said vessel part, and a horizontal flow pas- 
sage (71 J of said reformed gas flowing part extends 
under $afd Support structure^ XM horizontal ffcsW 
passago continuing- to a vertical Tiow passage (72) 
: ortlie roformad; gas i \mtnq part which Is in eorhmy- 
fixation with said reformed gas Mluont passage* 
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»M ;'-»Jitsy^ SMn^i Koho ;xm-;2©6l aitmm ^ixmi 'Torcta &cto 1396-2001 



:.i7 Oatsber, 20CO {17. ,2 000) , 
Par, mz§] , C0OS1], {00533 E?^iXy; 

: CTP 13 "106605 A {Sasyo Electric Co., Md/}, 
24 April, 1998 {24.04,1333} , 

J33 A (vT^pSLU; Science and Technology Corp. } , 

■10 03t<3&&ry ( 10 . 10. 5 300} , 

i Par, So. [00XS3 (Family? none) 

j.0¥ii-2$9764.A (iBhikawj irca-Hariaa Heavy Industries Co, 

Par. So. [001$] Family: nor^} 

xT9: 2Qm-SX4Bm k (Kcte Steel, ltd, } , 

Par, [0016] (Fatally: none) 



7*z'a 
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fXj Fsi&sr ^osusaessls are Issssd is iJ» saatoasfcs ofBox C [ J See psaafc &ss% sjs&x> 



1 ''A' 4 tottim dsfeing &6 gerar^i s&te ihs «rt y^hich t& Bat prisfity <3&& asd sst is sroftai wj& tto^Etati&g} b«t cic«d ^ 
\ <5sis -co^^ideraLiS -sftvel <sr 'caTssst l>e considered t&' Savcl*« as» ss^ssdve | 

| T* doctisyjeut pufel«fe»d prior to jnterRt^ tsiad filsa^ date Imil JgJe? ^ docutacBl isaaber of &s sirae 1 


• Dateof th$ acivsi cosTJpl^tiorj. of sSsft it>t?mfttiftr.s1 search 
I 07 February, 2002 (07.02,025 


IS February, (15.02,0a) 


I 0&pa^ese Patent office 
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JS 50-i3$?790 A (jm corporation) , 
24 July, IMS (24,07.13855 , 
Claim 3 (Family 
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